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(57) Abstract 

The invention relates to an apparatus for analysing uiine test strq>s, comprising a sample holder for the test strips, a transfer 
medianism, a lig^ sowce iDumlnating ^ sample placed Into die sanq»le holder, and a li^ intensity detector. The ^paratus also 
comprises a mlcrq>rocessor for processing die signals of means for measuring die light Intoisity and for determining Ae chemical 
compcment In order to av<»d complicating positioaing mechanisms for die optical colour measurements, die apparatus is provided widi an 
hna^g optical system disposed at a distance from the sample, and depdi-4ndq)endent imaging optics. Ibe ftmcdons cf die positioning 
mechanism is substituted widi colour and pattern analfysis and/or lecognition software.- 
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Automatic Test Strip Aiialyser Apparatus 

Technical Field 

The object of the invention is an apparatus for analysing a reagent causing a colour 
5 reaction with a component in a sample of matt^, in particular a test strip analyser for 
the &st analysis of urine test strips. Such devices comprise a sample holder 
accommodating the reagent ratering into chemical reaction with the sample, preferably . 
a test str^>. The analyser also conq)rises a reagent transfer mechanism, a light source 
illuminatmg the sample placed into die san^le hold^, and means for measuring the 
10 intensity of the light reflected tmm the sample. In practice, these types of analysers are 
also provided with programmable controller and analyser means, mostly a 
microprocesson The microprocessor is used for processing the signals of the detector 
and for determining the amount of certain chemical or physical coiiq>onents in the 
urine. 

15 ■ ■ 

Bacteronnd Art " 

Urine analysis is one of the routine diagnostic methods of tdday's medical science. In 
this method a urine sample of a patient is analysed for certain componoifs, die quantity 
of which is measured, and these data are used to assess the state of the patient's health 

20 or illness. The state of&e art urine analysis is made widi the help of test strip 

contain reagents ent^ing into a chemical or physical reaction with certain well-defined 
components of the urine. The reaction results dhectly or indirecdy in a colour change of 
the test strip. This change of colour is visible widi the naked ^e, and may be measured 
by instruinentd measurement as weU. The amount of tte sought coinpoi^ 

25 • deductible firom the measme of the colour 

a colour reaction throughout tfiis description. Furdier, a 

oicompass any sort of physical, chemical or physico-chemical reaction which is 

detectable by optical means. 
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. Eailier, quantitative deductions have been made by a comparison with a colour chart, 
but later instiumental leading or measurement became common* Today's modem test 
strips are analysed abnost exclusively by instruments, which allow a &r more objective 
measurement than the subjective comparison with tiie colour chart In the instrumental 
5 measurement, essentially die reflection ofthe reagent carrier oftfae test strip is 

measured on one or several wavelengdis, and the measured reflection value is used to 
determine the developed colour resulting firom the colour reaction on the top surface of 
the reagent carrier. 

Modem test strips analyse several, approx. ten components at the same time. The most 
10 widespread test strips are used to measure blood, ketones, glucose, protein, pH-value, 
nitrite, bilimbin, urobilinogen, white blood cells, density, etc. 

The measurement itself is made by dipping the test strip in die urine sample of die 
patient, and shaking or wiping off the excess urine. The wetted test strip is placed on a 
15 sample holder, and the instrument pcdoms the measurement on a starting signal or 
autoinaticaUy, by nieasurii^ the reflection value of die reagent pads of the tes^ 
The reflection is measured by one or more detectors. Oftei, one- or two-dunensional 
CCDnietectors are used The iniat>processor integrated into the 
the quantity of the sought components, based on the measured reflection values. 

20 

Tliese liieasuring iixstrurxients are rathw expensive devices, 
sophisticated optics and mechanics, and complicated electronics. Therefore, only 
hospitals, laboratories and other institutions can afford to buy them, where large 
^jfTfiftimta of test strips must be measured regularly. It is expected that the devices should 
25 be able to perform several hundreds of measurement hourly. For this reason, the 
sophisticated instruments contain a special sample transfer mechanics, ^ich transfer 
the test strips contiauously to the measuring optics, and firom there to a waste container. 

Measuring large numbers of test strips successively presents serious problems. FirsUy, 
30 the usual optical measurements require that the test strips, or at least their test pads are 
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fixed in a well-defined position during the measuiement Therefore, the known sample 
holders are provided with some sort of positioning means. But these positioning means 
are unavoidably contaminated with urine firom the test strips, which involves that the 
successively following test strips will be also contaminated firom the positioning means* 

5 This cross-contamination of the test strips may seriously distort the later measurements. 
To avoid this, the positioning means are usually made in a removable maimer, and its 
contaminated parts are regularly cleaned. Especially, the measuring optics must be kept 
clean, because its cleaning requires special materials, and its removal and re-assembly 
is also complicated Therefore, it is sought to avoid any contact between the measuring 

10 optics and the test strips. 

In some cases, the colour change on the test pads of the test strips is not cleariy 
identifiable, because the discolouring appears in patches or dots. Such a reaction can be 
analysed only with an analysis of tiie complete area of the test pad. But the known 
15 measurement methods are only capable to measure an average colour of a cenb^ 

region of tiie pads. It m^ also happen that a test strip is placed in the device, for which 
it is not programmed In this case the colour reaction will be inteipreted erroneously, 
and the device will report false values, if it is not able to distinguish colours, only a 
change of intensity. 

20 

Further, it must be considered that the colour reactions with the known test strips 
pn)gress relatively &st, and disturbing efti^^ 

colour reaction. These efiects may seriously influence the result of the colour reaction. 
hi order to determme die exact result of the colour reaction, the reflection measurement 
25 used to detennine the amount of the sought component must be performed in a well- 
defined time mterval. In this case, the quantitative relation between the colour and the 
amount of the component may be calibrated properiy. 

One of the known commercially available urine analysis devices is the Clinitek 200 
30 urine analyser manufactured by AMES in the United States. Widi this known device the 
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colour change of the test strips is measured by photo-detectors, through mteimediate 
Sba optics. The results measured on the test strips is automatically analysed by a built* 
in microprocessor, and the amounts of the sought components are also calculated The 
illummating light, whidiis the white light of a halogen bulb, is also guided to the test 

5 strips through fiber optics. With this known solution the sensitive optical paxt^ 

placed remotely from the test strips, and their contamination is also avoided/But due to 
the bad imaging properties of the fiber optics, and due to the low efiBciency of the input 
ap^turo (which decreases even moro with growing distance), tfie test strips must be 
positioned very precisely relative to the ends of the optical fibres. This is achieved with 

10 elastic fixing plates, which press the test stops to the base plate at the measuring 

position. The test strips are transferred to the measuring position by a toothed conv^or 
belt, and from the measuring position to waste collecting vessel, A disadvantage of this 
solution is the continuous contammation of the pressing fixing plates, fi^m the 
successive test strips, and therefore these nuist be cleaned regulariy. Even so, cr^ 

IS contamination is not coixq)letely excluded. 

Another known device is the XJRISCAN 300 urme andyser nm 

South Korea. This known device sqspUes a CCDnletector as the Ught de^ 

test strips are illuminated by a light tube producmg vAdt^ light The test strips are 

20 transfenped to the measuring optics by a toothed conveyor belt The amount of 

analysed components is calculated from fhe n^easuired values a microprocessor, and 
the vahies are printed or transf<mied for further processing to external recipients. It is 
also a disadvantage of Ais known device that tiie transferring rnechaiucs ^ 
coptmuously contaminated by the carried test strips, and the danger of cross? 

25 contamination between the test strips is relatively great Also, the medianical parts need 
regular cleaning. 

Considering the above, it is an object of the present invention to provide an analyser 
device with which at least one of the above disadvantages may be eliminated or 
30 reduced. Specifically, it has been sought to simplify the transfer mechanics without 
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sacrificing its jaurougtq)iit capacity (i. e. the numb^ of test strq>s analysed in a certain 
time interval), and to minimise the contact between the test strips and the transfer 
mechanics. At the same time, it was sought to iniprove the pre^ 
measurements, and making possible die measurement of uncertain colour reactions; 
5 Also, a fiirtfaer aim was the ability to recognise erroneously used test 

was an object of the invention to provide a device that is easy and cost-effective to 
manu&cture, from low-cost and readily accessible components, and has an overall 
simple construction. It was also sought to leave open the possibility to adapt the 
analyser apparatus for newer test strips in die fixture, without any stractural change. 

10 

Summary of the Invention 

According to the invention, the above goals are achieved with an apparatus for 
analysing a reagmt causing a colour reaction with a conqxment in a sample of matter, 
in particular for fast analysis of urine test strips, conqnising a sanqi>le holder 

IS accommodating the reagent mtering mtb chemical reaction with the sample, preferably 
the test strip, further comprising a sample transfer mechanism, a li^t source 
iUuminating the sanq>le placed into the sanxple holder - preferably a light emitting 
diocfe (LED) -V means for measuring the intensity of the light reflected fixnh the sample 
- preferably a CCD-detector further comprising a pr ogra mm able controller and 

20 analyser means, preferably a microprocessor for processing the signals of the means for 
measuring tfie lig^t intensity and for determining the componoit in the sample. 
According to the invention, the apparatus fiulher co^ 

A, an imaging optical system disposed at a distance fixnn the sample of matter for 
imaging the reagent entering into chemical reaction with the sanq^le onto the optical 
25 detector, with means for providing a depth^independent iinaging at least m a ^ce 
segment containing the reagent, and 

b, means for colour and/or pattern analysis and/or recognition of an at least one 
dimensional image detected by the optical detector, and 

c, means for determining die result of the colour reaction fiom the analysed image. 
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Throughout this description, the teims ••pattern recognition" or "image recogoitipn" or 
. **fanage processing" are considered synonymous terms. 
Wifli this solution, significant advantages are achieved compared to the kndwn 
constructions. Firstly, the transfer mechanism may be simplified to a large extent, 

5 because Ae exact position of the reagent pads (test pads) of die test strips are 
recognised by the pattem recognition software even if the test strips are slightly 
displaced or tilted The simple mechanism is a very important asset, because of the 
unavoidable and fiequrat cleaning requirement. This is especially useful with urine 
analysers. Secondly, the results of the colour reaction can be detmnined much more 

10 exactly with a true colour analysis than with a simple intensity measurement E* g. the 
colour recognition program may be programmed to detect automatically the type of die 
test strip, without the operator haviiig to enter it into the apparatus separ^^ 
analysis of die complete surface of die test pads means that test pads with unusual 
colouring, e. g. with patches or dots, may be analysed as well. The apparatus according 

IS to the mvention can be modified to analyse new types oftest strips with a difGnnait 
positions of the test pads, without having to modi^ die imagm 
TheoreticaUy, it is also ix>ssible to analyse with a urine am 
conipletely different measurements, e. g. test strips for blood sugar measurement 

20 Preferably, the apparatus accordmg to the invention comprises at 1^ three detectors 
dedicated to measuring different colour conq>onents, or alternatively, a detector wifli 
multiple segments in its image pixels, die segments being sensitive to diff<^imt colours. 
This latter solution requires die most simple optical system. Norn^ 
blue colour coniqKments are measured with the analyse. 

25 Practically, the light source emits substantially white light 

With die most preferred enibodmient, the unaging optical system of the apparatus 
according to the invmtion comprises a telecentric lens system. Such an optical system 
is capable for ensuring die depdi-independent imaging in a finite object space. 
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Preferably, the means for determining the result of the colour reaction from the 
analysed image is a microprocessor integrated into tiie apparatus and/or an external 
computer coimected to the optical detector. In practice, the microprocessor and/or 
computer is programmed with an pattern and/or colour analysis and/or recognition 

5 program. Since modem urine analysers contain microprocessors under any 
circmnstances, \vhich control the various fimctions of the anal^^ 
perform the paOcm and/or colour analysis and/or recognition with this processor. 
Alternatively, it may be advantageous to employ a dedicated processor for the pattern 
and/or colour recognition functions, if tiie control processor would be ov^loaded with 

10 tiiese tasks. 

Modem test strips contain several, normally at least ten different test pads for different 
conq>onent5 to be measured in the sample. Accordingly, it is advantageous if the 
optical system is provided with means for detecting multiple measuring points adjusted 
15 to reagent carriers con^ni^g multiple reagents for determining multiple conqponents 
in the sample, and tiie pattern and/or colour analysis and/or recognition program 
conq>rises means for distinguishing the different reagents and/or measuring points. 

With most test strips, the complete development of the colour reaction takes some time. 

20 At the same time, it is opected that the andyser should be able to measure la^ 
number of test strips in a relatively short time and therefore it is foreseen that the 
reagent transfer mechanism comprises a sanq>le receiving location positioned at a 
distance from the measurement location, and the transfer mechanism conqmses means 
for transferring the san^>le of matter from the sample receiving location to the 

25 measurement location in a predetermined time int^aL Preferably, tiie predetemiined 
tune mtoval is not less than the shortest time necessary for the development of the 
colour reaction. E.g. in a very simple and attractive embodiment the transfer 
mechaiiism conqirises an endless conv^or belt, which receives the test stri^ 
transfers them under the measuring optics. 
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Brief Description of Drawings 

By way of example only, an embodiment of the invention will now be described with 
reference to the accompanying drawing, in which 

5 Fig. 1 A and IB are schematic side and front views, respectively, of an analyser 

apparatus according to the invention. 
Fig. 2. is a block diagram illustrating the connection between the internal imits 

of the apparatus according to the invention. 
Fig. 3 A and 3B are schemes of the optical systems used in ^ 



10 


according to the invention. 


Fig. 4 


is a further embodiment of the optical system, with a telecentric lens. 


Fig. 5 


is a schematic figure of die image stored in the evaluating unit. 


Fig. 6 


illustrates a first fimction of the pattern recognition software. 


Fig. 7 


illustrates a second fimction of the pattern recogniticm software. 


15 Fig. 8 


iUxistrates a tiiird fimction of the pattern recognition software. 


Fig. 9 


^ows the selected area of a test pad on a test strip. 


Fig. 10 


illustrates a transformation in the colour recognition software, and 


Fig. 11 


. iUustrates the filial analysis of the results of the colour recognition 




software. 



20 

Best Mode for Carrying out the Invcntidtt 



Figs. 1 A and IB illustrate a non-limiting embodiment of tiie urine analyser apparatus 1, 
which perforixis the autoiriatic aiiaiysis of the test strips 4. The te^ 

25 perse^Theapparatus l comprises a sample holdor^ the conveyor 31, as 

explained below - which receives the test strips 4 previously wetted with urine. The test 
strips 4 are placed on the sample holder by the person handling the apparatus. The 
sample holder is formed so that several samples, L e. test strips 4 are held on it 
simultaneously. The individual test strips 4 are transferred successively to &e 

30 measuring optics 6 by the transfer mechanics 3. The measuring optics 6 constitute the 
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actual measuring unit of the apparatus 1 . With this embodiment, the transfer mechanics 
3 comprises two parallel running conveyor belts 3 1, which is held by two pairs of 
conv^or wheels 32, each pair having a common axle. One of the axles 36 is rotated by 
the motor 35 via a drive belt 34. Practically, with this embodiment the sample holder is 
5 actually constituted by the conveyors 3 1 . In order to avoid eventual gliding of &e test 
strips, the conveyor 31 may be provided with teeth, but in a preferred embodiment, the' 
conveyors 3 1 have a smooth sur&ce, to faciUtate their cleaning. 

The test strips 4 progress relatively slowly, during approx. one minute fix>m the sample 
10 receiving location 7 to the position which is under the measuring optics 6. During this 
time tiie colour reaction takes place, the result of which is determined by the measuring 
optics 6 and the connected analyser unit (not shown in Figs. 1 A and IB). Moving past 
the measuring optics 6, at die end of the conveyor 31 die test strips 4 &11 into the waste 
collector 9. The waste collector 9 may be disposed of entirely, when Ml, or may be 
15 emptied to receive more test strips 4. 

The functions of the urine analyser apparatus 1 are controlled by the instrument panel 
57 on die fix)nt of the e^paratus. The measured values appear on the display 
optionally , are forward^ to other data processing units. 

20 

With this embodiment, the measuring optics 6 comprise the light tube 68, and the 
inirror 67» which latter reflects die image of die test strip 4 into the imaging 
system 60. Instead of the used light tube 68» oUier means of lighting may be used, e. g. 
several laser widi different colours or an mc^descent bulb. However, it is most 
25 preferred to use a white li^t source. The imaging optical system 60 may be realised 
also without die use of die mirror 67. 

In a preferred embodiment, the test strips 4 are laid on the conveyor 3 1 by hand. 
However, with an alternative embodiment, the test strips 4 are put on the conveyor 3 1 
30 by a san^>le di^enser 8, which positions the test strips 4 on the conv^or 3 1 in a proper 
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petition and in the right time, and diereby contributes to the precise analysis of the test 
pads on the test strips. Alternatively, the sample disposer 8 positions not the wetted 
test strips 4, but sterile, dry test strips, and the urine samples are dispensed in exactly 
portioned drops by the sample dispenser 8 on the test pads of the test strips 4. With this 
5 me&od &e contamination of the transfer mechanics by die overall wet test strips is 
largely prevented. In this manner the cross-contamination of the test strips is also 
substantially diminished, and the operation of the apparatus must be stopped less often 
forcleaning. 

10 Optionally, the apparatus 1 may include a cleaning and sterilising means 10, which 
continuously cleans the conveyor 3 1 also during operation of the apparatus, and 
&cilitates almost continuous operation. 

Fig. 2 show the block diagram of the internal units of die qiparatus L 
15 forwarded to the measuring optics 6 by the transfer mechanics 3 are ii^^ 

system 62 onto the detector 61 . The ou^ut signals of the detector 6 1 are fed into th^ 
evduattng unit 5. The evaluating unit 5 will perform a colour and 
analysis and/or recognition of the images of the test pads of die test strips 4, and the 
results are displayed on the display 54, or forwarded to the inter&ce 55 or the printer 
20 56. These hitter pmpherals may be external devices as well. 

The evaluating unit 5 comprises in practice die microprocessor 51, with an attached 
mem(»y 52 and an AID converts 53. The memory 52 contains RAM and ROM 
memory areas. The A/D converter 53 transforms the signals of die 61 detector into a 

25 digital signal appropriate for input into the microprocessor 51. Often, the A/D converter 
is integrated into the CCD-detector. The microprocessor 51 connects to the peripherals, 
I e. the displ^ 54, die interfiu:e 55, the printer 56 and die instrument panel 57 in a 
manner known per se. The microprocessor 5 1 also controls the power supply 59 of the 
motor 35, and receives the signals of the sensor 38 on the axle 36 of the motor 35. 

30 Alternatively, the motor 35 may be a stqiper motor, which is controlled direcdy by the 
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micTOprocessorSl through an appixiimate driver 
be omitted 

■ - » ■ - 

It must be noted that for image processing (colour and/or pattem analysis and/or 
5 recognition) tasks requiring complicated calculations it may be practical to integrate a 
dedicated processor into the apparatus, which perfomis only the image processing, i. e. 
the actual colour and/or pattern analysis and/or recognition. In this case the . 
microprocessor SI only controls and co-ordinates the functioning of the separate units, 
and tiimfore the microprocessor S 1 may be a relatively simple industrial process 
10 control processor. 

With the shown embodiment, all the controlling and image processing tasks are 
performed by the microprocessor 5 L The microprocessor 51 receives the digital colour 
information firom the pixels of the detector 6L The resolution, in a practical 

15 einbodiment 8 bit» allows for the evaluating program to detemiine separately the hue, 
die saturation andtiie colour intensity of the test pads. This is mq)ortant, because the 
final Cfolour of the test pads is a result of several different factors. E. g. the wetting of 
the pads depends on the time of the dipping into Ac urine and &e iisual wipm^ 
shaking off of the excess urine. The int^ity of the reflected light is normally 

20 influenced by the wetting, while tiie emerging colour (hue) itself after the colour 
reaction is less dependent on the wetting. 

The imaging optical system is constructed so that it provides an e 

indq>endent imaging in the space segment where the test strips 4 pass through. By 

25 depth-independent imaging it is understood that the image of the test strips 4 on the 
detector 61 is practically independent of tiie position of tfie test strip 4 along the central 
optical axis of the imagmg optical system 60. The central optical axis is substantially 
perpendicular to the object plane of the imaging optical system. In the examples shown 
in Figs. 3 A-B and Fig. 4, the image of the test strips 4 is practically unchanged if the 

30 test strips 4 are translated parallel along Ae co-ordinate axis Z; Of course, this 
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condition must be fulfilled oidy in a relatively nanow 

necessaiy because the test strips tend to bend slightly, due to die wetting and fteir own 
weight, and other various reasons. Obviously, this imaging region T must be 
detennined so that standard test strips wiU rraiain in the tinag^ 
5 are bent slightly, in an »tent usual for the test strips. 

A few examples of the imaging optical ^stem 60 are shown in Figs 3A, 3B and Fig, 4. 
Fig. 3A depicts a lens system with an achromatic lens 63. The advantage of this system 
is the relatively few parts and therefore the potential risk of contamination is also 

1 0 smaller. Its disadvantage is tiiat the light beams at the edges are not peipendicular to tiie 
object plane, and die image is more sensitive to the tilting of the object (which may be 
caused by the bending of the test strip). With the mq>roved embodiment shown in F ig. 
3B» the telecentric lens system 62 comprises a Fresnel-lens 64 and a simpler objective 
lens 66. Jn this arrangement there are essentially parallel arriving fiom the object, 

15 ic.thetestsWp4areunageddq)tii-indq>endenflybyaFresnel-l^^ 

is tiian imaged fiiriher on the detector 6 1 by die olgeptive lens 66. However, die use of 
the Fresnel^ens introduces uncertainties into the detected image, by the disto^ 
unaging of some pixels on the CCD. Therefore, m a most preferred embodiment shown 
in Fig. 4, a telecentric lens system 62 is applied, comprising a telecentric lens 69, an 

20 objective 1^ 66 and a mirror 70, die latter to increase die optical path fiom die 
telecentric lens 69 to die objective lens 66. There are more optical ele^ 
die embodiments of Figs. 3A and 3B, but due to die characteristics of diis im^ 
qrstem, the coixq)lete optical isystem may be positioned further away fiom die measured 
test strq>s, and therefore it is less prone to contamination. At the same time, due to the 

25 practically parallelrays, die unaging is ahnostperfectiy depdi independent, and in this 
nianner the bending of the test strips does not significaiidy affect the measu^ 

In all diree embodiments the in*depth resolution of the imaging is improved by the 
aperture 65. 

30 
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In order to allow a colour analysis of the test pads of die test strips 4» the detector 61 is 
a colour detector, which means that there are several (usually three) detector segments 
each image pixel. These detectors are commorially available. . 

5 The urine analyser apparatus 1 according to the invention operates in the following 
manner: 

After the switching on of the apparatus 1 , the motor 35 drives the conveyor 3 1 . The . 
upper, transporting part of the conveyor 3 1 will move continuously, with an even 
velocity from die direction of the sample receiving location 7 or the sample dispenser 8 

10 towards the measuring optics 6. In die meanwhile, the operator of the apparatus 1 wets 
die test strips, e. g. by dipping them in urine, and diereafter puts the test strips 4, one by 
one, on the conv^or 3 1 at die sample receiving location 7. The sample receiving 
location 7 is marked by well-defined visual signs for the operator. The test strips 4 are 
transported to a position within the imaging region (object space) of the measuring 

15 optics 6. The speed of the conveyor 31 is adjusted so that the colour reaction will take 
place on the test pads during the time interval while a test strip is wetted^ placed on the 
conveyor, and reach from the sample receiving location 7 to the measuring location. 

The microprocessor 5 1 continuously monitors and stores the signals of the detector 6 1 
20 of die measuring optics 6. la the shown embodiments the detector 61 is a linear CCD- 
detector, where the detector segments are positioned along a line. The S 1 
microprocessor stores a two-dimensional image of die test strips, deducted from the 
signals of the CCD-detector and the synchronising signals of the sensor 38. T^ 
. microprocessor 51 is programmed widi a pattern- and colour analysis and/or 
25 recognition program, which allows a colour analysis of the test pads on the test strip 4. 
This pattern- and colour analysis and/or recognition program performs basically the 
following iunctions: 

a, recognises diat a test strip appeared in die imaging field (object field) of the imaging 
optics, 

30 b, diereafter, continuously records and stores the image of the test strip, . 



wo 99/41596 PCT/HU99/00012 

-14- 

c» with a pattern recognition algorithm, identifies tiie position and the shape of tiie test 
pads on the test strip, 

d, determmes the colour (hue and saturation) of the individual test pads, 

e, based on the colour, calculates tiie component indicated by tiie individual test pad, 

f, stores the detommed amount of the spedfic component and/or displays the result 
and/or transfers the data for otiier data processing units. 

The determination of tiie colour in point d, may be done by determining the average 
colour of the complete test pad, or the average colour in a central region of the test pad. 
Witii this latter method, occasional distiirbing effects at the edges of tiie pads may be 
largely eliminated. Such an effect may be caused by small liquid droplets attached to 
thetestpad. 

Of course, it is possible to assign a different metiiod of aoalysis to each test p^ on a 
test sti^. R g. tiie test pads measuring blood content are a^le of recognising ihe 
Imemolised blood cells in the urine. If tills is tiie case, the pads wiU ha^ 
colour. If tiie blood is not hemoUsed, tiie colouring will be dotted. Hiis dotting effect 
may be detected by tiie pattern recognition algoritiun. If necessary, tiw size and number 
of tiie coloured dots may be detomined for tiie test pad, and diagnostic information 
may be deduced from a histogram of tiie dots. In a mote single sohition, tiie non- 

unifonn colouring of tiie test pad may be detected by die measured variation of tiie 
colour values within a single test pad. 

By deducing true colour information from tiie test pads, even £dse colour leacticMis of 
flie test pads may be determined These are vciy difficdt to detect by tniditi 
measurement Such a false colour reaction is tiie yellow or grey colouring of tiie test 
pads for bilmibin and urobilinogen, caused by certain medicmes. All tiiese cases may 
be pre-programmed m the colour recognition program, and therefwe tiiese unusual 
colour reacticHis may be detected and the results separated intelligoitiy. 



wo 99/41596 

iSxample: 



-15- 



PCT/HIJ99/00012 



The functions of an exemplary pattern- and coloiir analysis and/or recognition program 
are explained with reference to Figs* 5 to 1 1: 

5 

hi a first step, the basic data for the pattern- and colour analysis and/or recognition are 
extracted fix)m the optical system. 

The optical system of the sqpparatus 1 images an approx. 10 cm long Ime (perpendicular 
10 to the movement direction of the conveyor 3 1) onto a Imear CCD-detector havmg n 
colour segments. In a practical embodiment, n - approx. SOO. The microprocessor reads 
the 8 bit digital RGB colour information serially, and performs a linear transfoimation 
for all measured data according to the equations 

15 Rj-A|R*Ri„, + BiR 

Gi = Aio*Gfan + BiG 
Bi = AiB * Bim + BiB, 

Where AjjbAxh AiB> and BiR^XbBiB are constants for the i-th segmra^ 
20 d^ector, Rhn»Gtm>Bim ^ &e measured RGB values detected by the i-tii segment, and 
Ri»Gi3i are tiie connected RGB colour values used in tiie later pn)ces^ The 
constaxils Am AiG» AiB, and Bni,BiG3m are deterxnine^ 

calibrating measurement using white and grey calibrating test strq>5, and stored in the 
memory of the evaluating unit 5 for later use. The transformation of the equations (la-c) 
25 serve to correct tiie non-uniform imaging caused by uneven illummation and 
impn&ctions in tiie imaging optical ^stem. 

In the next step, the pattern analysis and/or recognition program part detennines those 
pixels which should serve as a basis for the colour measurement 



(la) 
(lb) 
(Ic) 
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Fig. 5 shows the image of the test strips 4 in the form of a pixel image consistmg of n x 
m pixels (row x colmxm) combined from the pixel infonnation in the memory of the 
evaluating unit 5. Each (R},Gi,Bi ) data define the colour of the i-th pixel along the Y 
axis, and the set of the (RuGi^iXRo^GnA) data represent a colmnn along the Y co- 
ordinate of the imaige. The pixel columns of the image shown in Fig. 5 are measured 
and calculated successively, as the test strip progresses in the X direction. The pixel 
information (colour parameters) of the individual pixels are deduced from the signals 
detected by the detector 6 1 , according to the transformations I a-c above. 
The image of Fig. 5 contains approx. 500 X 700 pixels, in the Y and X d^ 
respectively. The evaluating unit processes the pixel information continuously to find 
the exact position of the next test strip, and its test pads. 
This is done by evaluating the RGB values of the pixels in each row along the X 
direction (see Fig. 6). These values constitute the Fxi(RGB) fimction for the i*4li row. 
The first two intersections of a threshold value V and the measured Fxi(RGB) function 
yields an Xf i and an Xi2 value for the i-th row. Thereafter, the edge lines E 1 and E2 of 
die test strip are calculated widi a linear regression laid on the points (Xii,Y)=<Xu,i) 
and (Xi2,Y) = (XqjI) for r»L..n, respectively. Extrraie values are discarded, e. g. if they 
were measured on the following test strip, or if no intersections are found, because no 
strips are crossed, etc. 

At this stage, a further chedc is performed to ensure that die edge lines El, E2 ai^ 
sufficientiy steep (ideally parallel to the Y-axis). Also, other similar checks are foreseen 
to make sure diat the test strips have hem laid property on die conveyor, and that ho 
test pads are outside the imaging range of the imaging optics 60. 

In order to find the position of die first test pad P 1 , a test function F(test) is glided and 
correlated widi the fimction Fy(RGBXsee Fig. 7). Here, die test function F(^^ 
function with die width corresponding to that of a test pad P, while the function 
Fy(RGB) contains the RGB values along a Ime ES halfway between die edge lines El 
and E2. The output of the correlation function Fcorr is shown in Fig. 8. The first peak 
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of the correlation fiinction Fcorr is deemed to define the y-position Y 1 of die centre of 
ttie first test pad PI . The position of the other test pads P2-Pk are calculated as being in 
a predeterhuned distance fcom the first test pad PI along the line ES, or found by a 
further correlation along the line E5. 
5 Having found the central positions of the test pads, the boundaries of the test pads are 
determined, and ttie colour values of the pixels corresponding to the test pads are 
evaluated These pixels are those within the lines E1-E4 in Fig. 9. 

In a practical embodiment, in this maimer a test pad Pk of a size approx. S mm x S mm 
10 is transformed to approx. 30(M00 pixels, corresponding to 3-4 pixel/mm resolution in 
one dimension: 

In a possible embodiment, the colour analysis and/or recognition program may choose 
to calculate an average of the RGB values of the pbcels measured in a selected test pad, 

IS and ntuiy simultaneously compare the calculated average 

predetermined R, G, B value ranges, thereby deciding if the colour of thie test pad 
corresponds to a certain colour oir not This means practically that the measured values 
should be included in defined segments of a three-dimensional colouff (hue, satm 
and intensi^) field. However, it has been found that it is bett^ to eliminate the intensity 

20 information of the colour, and to examine the hue and saturation of tiie test pads only. 

Therdfore, the three colour co-ordinates are traiisfom 
set, according to the following equations: 

25 A = 0.866*(B-<j)/(R+B + G) (Ha) 
B = (R-0.5*(B + G)y(R + B + G) (Hb) 

This transformation yields a two-dimensional plane P(A3) in the three-dimensional 
. RGB field, very similar to a colour triangle. This is shown in Fig. 10. 

30 
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We have found that the A and B values calculated in this manner and coiresponding to 
well-defined amounts of the various components of the urine, measured by the 
appropriate test pads, constitute a well-defined area in the P(A3) plane. These areas 
are identified by calibrating measurements. Thereafter, the quantitative analysis of a 
test pad is made by comparing the position of the measured san^le with the positions of 
the calibiated samples in the P(A3) plane. This is illustrated in Fig. 1 1 , which shows 
various sample points M in the transformed colour plane P(A3). The sample points M 
coitespond to difBaent vahies of ghicose measured in the urine, ranging ftom negative 
(corresponding to zero or below threshold) to +++ (corresponding to approx. 1000 mg/ 
100cm'). As seen in Fig. 1 1, all sample points M are within a crescent-shq)ed field G, 
with file dififiwent values of the calibrating sample points M concentrated in well- 
defined regions of the field G. 

As an alternative transformation requiring less calcutationj one of the three colour co- 
ordinates may be omitted completely. However, such a transformation can not be used 
reliably widi som« test strqjs. 

Further, the apparatus nqr be programmed to measure and store die col(nir of the urine 
sample itself on a neutral white test pad. Sudi information is also fiequratly requited 
by the doctors using the results of the.urine analyds. 

Further, the apparatus m^ be programmed to perform a colour compensation of the test 
pads on die basis of the colour measurement of the urine. Many test strips contain a so- 
called control pad for this purpose. The colour compensation may be done most easily 
by sinqily subtracting di^ RGB values measured on die nraitral, non-reactmg urine 
sample fijom the other RGB values measured on die reacting test pads. This subtraction 
or otiier mediod of colour ccmqiaisation may be done bodi before and aftw flie colour 
transfoimations from die RGB field into the P(A3) plane. 
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The invention is not limited to the presented embodim^ts, but other variations are 
equally well applicable for those skilled in the art The position and the cploiir of the 
test pads may be found with other algorithms as well, e. g. the x co-ordinates of the test 
pads can also be found with the correlation metiiod using a pad-wide test fimction. The 
correcting transformation of the CCD-pixel's ou^ut (equations I a-c), being a linear 
transformation, may be performed only once, on an average colour measured across the 
test strip in the X direction, instead of performing it on eveiy pixel in the row. Also, 
instead of iEt conveyor belt, the transfer mechanics may comprise a rotating disk or any 
otiier mechanism providing an alternating or translating movement for the test strips. 
Instead of a linear CCD-detector a two-dimensional CCD matrix is also applicable, 
similar to those used in video cameras. 
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Claims: 

1. Apparatus for analysing a reagent causing a colour ^ 
sample of matter, in particular for fast analysing of urine test strips, comprising a 
san[q)le holder accommodating tbe reagent entering into chemical reaction with the 
sample, preferably the test strip, further comprising a sample transfer mechanism, a 
light source illuminating the sample placed mto the sample holder, an optical detector 
for measuring the intensity of the light reflected from the sample - preferably a CCD- 
detector ^, further comprising a progranmiable controller and analyser meaiis, 
preferably a microprocessor for processing the signals of the means for measuring the 
light intensity and for determining the component, characterised 1^ further comprising 

a, an imaging optical system disposed at a distance from the sample of matter for 
imaging the reagent entering into chmiical or physical reaction with the sanq>le onto 
the optical detector, wiA means for providing a depth-independent imaging at least in a 
space segment containing the sample and the reagent, and 

b, means for colour and pattern analysis and/or recognition of an at least one 
dunensional image detected by the optical detector, and 

c, means for detemiimng the result of the colour reaction from the analysed image. 

2. The apparatus according to claim 1, characterised by comprising at least three optical 
detectors dedicated to measuring different colour components. 

3. The apparatus according to claim 1, wherein the optical detector comprises multiple 
segments in an image pixel, the segments being sensitive to different colours. 

4. The qjparatus according to any one of the clauns 1 to 3, characterised by comprising 
a light source emitting substantially white light 

5. The ^paratus according to any one of the claims 1 to 4, characterised by that the 
imaging optical system comprises a telecentric lens system. 
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6. The apparatus according to any one of the claims 1 to 4, characterised by that the 
means for determining the result of the colour reaction fiom the analysed image is a 
microprocessor integrated into the appaiatus and/or an external computer connected to 

5 the optical detector. 

7. The apparatus according to claim 6» wherein the microprocessor and/or computer is 
progranmied with an pattern and/or colour analysis and/or recogni^^^ 

10 8. The apparatus according to claim 7, characterised by that the optical system is 
provided with means for detecting multiple measuring points adjusted to reagent 
carriers comprising multiple reagents for deteimining multiple components in the 
sample, and the pattern and/or colour analysis and/or recognition program comprises 
means for distinguishing die different reagents and/or measuring points. 

15 

9. The appariatus according to any one of die claims 1 to 8, characterised by that the 
sample transfer mechanism con^rises a sample receiving location positioned at a 
distance fipom the measurement location, and die tnmsfer mechanism comprises means 
for transfening the sample of matter fix>m the sample receiving location to the 

20 measurement location in a predetmxiined time interval. 

10. the ^aratus according to claim 9, wherein the predetermined time interval is hot 
less than the shortest time necessary for the development of the colour reactioiL 

25 11. The apparatus according to any one of the claims 1 to 10, characterised by that the. 
transfer mechanism comprises an endless conveyor belt 

12. The apparatus according to any one of the claims I to 1 1, characterised by further 
comprising means for cleaning and sterilising at least parts of the transfer mechanism. 
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